
                                          

Unsupervised Classification   

Using SAGA 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tutorial ID: IGET_RS_007                                                                                                           

 

This tutorial has been developed by BVIEER as part of the IGET web portal intended to provide easy access to geospatial education. This 

tutorial is released under the Creative Commons license. Your support will help our team to improve the content and to continue to offer high 

quality geospatial educational resources. For suggestions and feedback please visit www.iget.in. 

 

 



IGET_RS_007                                                                                                                                 Unsupervised Classification using SAGA 

2 

 

 

Unsupervised Classification using SAGA 
 

 

 

Objective: To create a land use and land cover map of a region by the unsupervised classification method using 

SAGA. 

 

Software: SAGA GIS, Spread Sheet software (MS Excel) 

 

Level: Intermediate 

 

Time required: 4 Hours 

 

Prerequisites and Geospatial Skills  

 

1. SAGA should be installed on the computer 

2. Student must have completed the exercises IGET_RS_001, IGET_RS_002 and IGET_RS_003.  

 

Reading 

1. Tempfli, K. (editor) , Huurneman, G.C. (editor) , Bakker, W.H. (editor) , Janssen, L.L.F. (editor) , 

Bakker, W.H., Feringa, W.F., Gieske, A.S.M., Grabmaier, K.A., Hecker, C.A., Horn, J.A., Huurneman, 

G.C., Kerle, N., van der Meer, F.D., Parodi, G.N., Pohl, C., Reeves, C.V., van Ruitenbeek, F.J.A., 

Schetselaar, E.M., Weir, M.J.C., Westinga, E. and Woldai, T. (2009) Principles of remote sensing : an 

introductory textbook. Enschede, ITC, 2009. ITC Educational Textbook Series 2, ISBN: 978-90-6164-

270-1. pp. 280-312. Full text  

2. Everitt, B. S., Landau, S., Leese, M., & Stahl, D. (2011). Cluster Analysis. John Wiley & Sons. 

 

Tutorial Data: The LandSat TM image required for this exercise may be downloaded from this link:  

 

 

SAGA 2.08 can be downloaded from this location: 

http://sourceforge.net/projects/saga-gis/files/SAGA - 2.0/SAGA 2.0.8/saga_2.0.8_bin_msw_win32.zip/download 

 

After downloading the file, unzip it to a convenient location.  

 

 

 

 

 

 

 

 

  

http://www.itc.nl/library/papers_2009/general/PrinciplesRemoteSensing.pdf
http://sourceforge.net/projects/saga-gis/files/SAGA%20-%202.0/SAGA%202.0.8/saga_2.0.8_bin_msw_win32.zip/download
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Introduction 

To create a land use and land cover map of an area, we have to assign corresponding land use and land cover type 

to every pixel in the satellite imagery that exist at the time of acquisition. This is done based on the Digital 

Number (DN) values of the pixel which in turn represent the spectral properties of the ground surface. This 

assigning of classes to pixels in an image is called ‘Image classification’. More technically, it is an aspect of image 

processing in which quantitative decisions are made on the basis of the data present in the image, grouping 

pixels or regions of the image into classes representing different ground-cover types. The output of the 

classification stage may be regarded as a thematic map rather than an image (Rees, 1999). There are two broad 

types of image classification exists – ‘Supervised classification’ and ‘Unsupervised classification’. In this tutorial we 

will learn how to classify an image using the unsupervised method.  

In unsupervised classification, the algorithm analyzes all the bands of the image and pick out the clusters 

of pixels having similar values without the user intervention. The clusters are then assigned to their classes at the 

user’s discretion. Therefore, this method generally applied to the regions, where we don’t have any knowledge and 

information about land cover type. In this tutorial, we will use a 7-band LandSat Thematic Mapper (TM) image to 

create a land cover map of Pune and its surrounding region. This LandSat TM imagery is downloaded from USGS 

earth explorer website: http://earthexplorer.usgs.gov/   

 

1. Load the LandSat images into SAGA by clicking on the  ‘Load File’ button or via File → Grid → 

Load. Select the ‘Subset_LandsatTM_8feb2011.tif’ image. This will import the image into SAGA.  

 

2. The LandSat TM bands with their wavelengths and names are given below. 

Band Number Wavelength Range Name 

Band 1 0.45-0.52 Blue 

Band 2 0.52-0.60 Green 

Band 3 0.63-0.69 Red 

Band 4 0.76-0.90 Near Infra-Red 

Band 5 1.55-1.75 Short Wave Infra-Red 

Band 6 10.40-12.50 Thermal Infra-Red 

Band 7 2.08-2.35 Mid Infra-Red 

   

3. We will first create a True Colour Composite using the ‘RGB Composite’ module. Open it via Modules → 

Grid → Visualisation → RGB Composite. 

http://earthexplorer.usgs.gov/
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4. In the ‘RGB Composite’ module window, specify the Grid System option as that of the satellite image 

using the dropdown menu on the right. Set the Red, Green and Blue Inputs as Band 3, Band 2, and Band 

1 respectively. Click ‘Okay’. The composited image will appear in the satellite image grid list as 

‘Composite’.  

 

5. Change the name of the composite to ‘True Colour Composite’ via the ‘Name’ option of the  

tab (If the ‘Apply’ button is grayed out press Enter after typing the name).  This image simulates the 

natural look of the earth. Changing the name will make easier to distinguish it from any other composites 

we might make later on. Double click on the true colour composite to view in a map window. 

   

 

6. Next, create another RGB composite of bands 4, 5 and 2 and append ‘452’ to its name. While creating the 

new composite, remember to change the field to ‘[create]’otherwise it will overwrite 

the previous composite. We will use this false colour image to aid in identifying different land cover types. 

Overlay it on the ‘True Colour Composite’ by double clicking on it and then adding it to the map window 

of true colour image.    

3 

5 

4 
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7. In the Maps tab the images will be listed in the same map viewer. The visibility of layers depends on their 

viewing order. Drag the interested layer to top to view it in the map window. Alternately, you can double 

click on a layer to make it visible or invisible. Yet another way is to right-click → uncheck ‘Show Layer’. 

Use these options to draw relations between the colors of the two images.   

 

8. You will see that the water of the lake appears black since it gives very little spectral returns in any of the 

bands. The open scrub land appears light green in this colour combination because of the high reflectance 

in the Short Wave infra-red wavelengths. Urban areas appear blue due to their high reflectance in the 

green wavelength. 

 

9. Now we will classify the image using Modules → Imagery → Classification → Cluster Analysis for Grids. 

The module window options are explained below.  

 

 Grid System: This is grid system of the image to be classified. Select it from the drop down menu. 

 >>Grids: These are the input grid layers that will be used in the classification. Click on the  

button and select all the LandSat layers and click on the  button. 

 <<Clusters: This is the output option for the clustered image. To create a new image we keep it as 

‘[create]’. If we are running the cluster analysis for the second time and want to overwrite an 

image then select the image to be overwritten from the dropdown menu. 

 <<Statistics: This creates a table with the statistics of the band layers and the clusters. By default 

it is set as ‘[create]’ but we can overwrite an existing table by selecting it from the dropdown 

menu. 

 

6 

7 
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 Method: This indicates which algorithm of cluster detection will be used for classification of 

imagery. There are three methods available, each with its own advantages and disadvantages.  

 

o Hill-Climbing (Rubin 1967): The hill climbing algorithm is an iterative local search 

partitioning algorithm. It designed to search for optimum value of clustering criterion by 

rearranging existing partitions and keeping the new one only if it provides improvement 

(Everitt, Landau, Leese, & Stahl, 2011). 

o Iterative Minimum Distance (Forgy 1965): The Iterative Minimum Distance algorithm 

searches for clusters whose seeds (centroids) are initially randomly distributed. It divides 

the pixel population according to the nearest cluster seed. Each cluster is characterized 

by the mean distance of its points to the seed. The algorithm then adjusts the position of 

the seeds to decrease this mean distance.  

o Combined Minimum Distance /Hill Climbing: This serves as a combination of the above 

two algorithms.  

For our analysis we will use the default ‘Hill Climbing’ algorithm. 

 

 Clusters: This specifies the number of clusters to be created. Our image will be split into pixel 

clusters, with each cluster representing pixels with similar spectral properties. The default value 

is 10. For more accurate classification procedure initially one could classify the image into 100 or 

more classes, these classes are further merged into the minimum number of classes by examining 

these cluster using visual interpretation of the satellite imagery or by field verification methods. 

However to shorten our exercise we will use just create 50 clusters and then merged into 6 

common land use and land cover classes.  

9 
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 Normalize: When this option is checked, the module will normalize the pixel values within each 

band before doing the cluster detection. This will slow down computing time. 

 Update View: When checked this will display the current classification of the image for the most 

recent iteration of the cluster detection. It will appear like an animated image. On a fast 

computer, the cluster image may appear black. This is because the analysis takes place very fast 

leaving little time for the image rendering between iterations. To slow this down put a check on 

the Older Version box. 

 

10. On clicking ‘Okay’, the cluster analysis will start and will keep reiterating the search. You can see the 

progress on the left side of the status bar located at the bottom of SAGA GUI. Stop the module once 

the ‘change’ parameter reaches nearby zero by unchecking the module via Modules → uncheck Cluster 

Analysis for Grids. Click ‘Yes’ in ‘Model Execution’ window. This will finish the current iteration and 

then create the clustered map.  

 

 

11. The classified image titled ‘Clusters’ is placed in the LandSat image grid system. Double click on it to 

open in the ‘True Colour Composite’ map list.   

 

12. This newly created cluster map splits the image area into homogenous land cover segments. We now have 

to assign each cluster to its land cover class.  

 

 

13. Before doing that we have to assign a unique number to each land cover class. We will use a simple 6 class 

classification. You may use the ones below or select your own. 

Class Number 

Builtup 1 

Agriculture 2 

Scrub 3 

Open Scrub/Barren 4 

Water 5 

12 

10 
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Forest 6 

 

14. Now turn on and off the cluster layer in the Map window (See Step 7). You will see that the clusters take 

the shape of some land features. This way we can identify the clusters based on their shape, location and 

image pixel values.  

 

 

15. Select the ‘Cluster’ layer from the data list and click on the  tab. This will display the different 

class numbers and their associated colour. To check which cluster a pixel belongs to, just mouse over the 

pixel and look at the Status Bar at the bottom of the SAGA window. This displays the ‘Z value’ of the 

pixel. In this case the Z value is the class number.    

 

16. We will start assigning class numbers to the clusters by selecting the layer and then accessing the 

 tab. Click the  button under ‘Lookup Table’ to open the lookup table. This will give the 

clusters information with five fields: COLOUR, NAME, DESCRIPTION, MINIMUM and 

MAXIMUM.   

 
 

17. The color of a cluster can be changed by clicking on it and choosing a color from the palette. The 

MINIMUM and MAXIMUM fields indicate the cluster number and will have the same value in this 

table. The numbering of the clusters starts from 0. Therefore, Class 1 would be numbered 0, Class 2 would 

be numbered 1, and so on till we reach Class 50 numbered 49. 

 

15 

16 
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18. Identifying classes and the land cover they represent can become difficult when looking at the cluster map 

with all its classes. To make it easier, we will handle them one at a time.   

 

19. Change the MINIMUM and MAXIMUM field values of all the rows by clicking on the cells and 

replacing them with the value “-1”. Mark the first MINIMUM and MAXIMUM value as “0” and click 

‘Okay’. Click on ‘Apply’ below. This will make the classes marked with “-1” invisible. 

 

 
 

20. Now look at the map of the clusters. You will see only the pixels of the first class (the ‘0 cluster’). To make 

the pixels easier to distinguish, go back to ‘Lookup Table’ and change the colour of this class to Yellow.  

 

21. Turn the cluster layer off to view the satellite image below it. Identify the type of land covered by this 

cluster using the false colour and true colour composites. Feel free to create and use more band composites 

to aid in the land cover identification.  

 

For example, let’s look at the first cluster.  

16 

19 

17 
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We see that the cluster covers the shadowed area of the hill ranges. Considering the land cover type it 

would probably fall under the Scrub category. So we mark in the NAME column “3” and 

DESCRIPTION as “Scrub”. 

 

22. Let’s take the Class 2. In ‘Lookup Table’ change the MINIMUM and MAXIMUM field values to its 

original value, i.e., “1” and for Class 1 to “-1”. This will made only Class 2 is visible. Now we turn on 

‘Composite 452’ as background image for identification. 

 
 

From the above figure, it is clear that this cluster covers the roads and other parts of the city, so in its 

NAME column we’ll assign the value “1” and DESCRIPTION as “builtup” 

 

 
 

23. Go to the next cluster below and change its MINIMUM and MAXIMUM value to its original value (this 

will make it visible). Change its colour to Yellow or some other bright colour. Click ‘Okay’ and then 

‘Apply’.  The next cluster will now be visible.  

 

22 

21 

22 

23 
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24. Repeat the steps 21, 22 and 23 till all the clusters have been assigned a class number.  

 

25. Once we are done with this, make sure that the MINIMUM and MAXIMUM columns have the original 

values instead of ‘-1’. Click on the ‘Save’ button in the lookup table and save this table as a text file in a 

convenient location. Use an explicit name like ‘Lookup_Table’ which can be easily identified.   

 
 

26. Open the Change Grid Values module via Modules → Grid → Tools → Values → Change Grid Values and 

click on the field ‘Lookup Table’. The description as seen below, states that the lookup table should have 3 

columns, all of them in 8 byte float point number format, and their order must be as is specified. The first 

and second columns describe the cluster range and the third specifies the new class number. We must 

change the format of the ‘Lookup Table’ which we just saved in step 25 for recoding purpose. 

 

 

 

27. Close this window and navigate to the ‘Lookup_Table.txt’ text file in Windows Explorer (or via My 

Computer). Right-click on it and select Open with → Microsoft Excel. You can also load it by opening 

Excel first and then dragging and dropping it in the Excel sheet. The five columns will be as seen in the 

Lookup Table in SAGA.   

 

25 

26 
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28. Create a new column to the right of MAXIMUM and call it ‘NEW’. Copy the contents of the NAME 

column and paste it in the NEW column.  

 
 

29. Select the contents of the first 3 columns and right-click → Delete it. If a pop up window appears, select 

‘Shift Cells Left’.  

 

30. Now select the entire NEW column and click on the Number dropdown menu in the Home toolbar. 

Change the format from ‘General’ to ‘Number’. 

27 

28 
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31. Click the  ‘Save’ button or press ‘CTRL + S’. If it asks if you’d like to keep the format, click ‘Yes’.  

 

32. Go back to the ‘Change Grid Values module’ in SAGA. In the dialogue window, set the Grid system as the 

LandSat image grid system using the drop down menu. In the Grid field select the ‘Clusters’ layer. 

Change the value of the Changed Grid entry to ‘[create]’ and leave the Replace Condition as ‘Grid Value 

equals low value’.  

 

 

33. In the Lookup Table entry click the  button and click ‘Load’ in the dialogue window. Navigate to the 

30 

32 

33 
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‘Lookup_Table.txt’ file we saved earlier in step 31, select it and click ‘Open’. 

 

34. The table will open in the window. They will be in the order, MINIMUM, MAXIMUM and NEW. In 

case it is needed, it is possible to edit this table here. However, we will leave it as it is and click ‘Okay’. 

Click ‘Okay’ in the module window as well.  

 

 
 

35. The recoded image will now be loaded into the data list as ‘Changed Grid’. Double-click on it and load it 

into composite map window. This way we can assess how well the classification has been done. 

 
 

36. For a more descriptive thematic image use indicative colors in the map palette via the lookup table. To do 

this select the ‘Lookup table’ in Type under ‘Colors’ in ‘Settings tab’ of ‘Changed Grid’. Navigate to the 

‘Lookup Table’ by clicking on  button. Use ‘Add’ button to add new classes and change the ‘NAME’, 

‘COLOR’, ‘MINIMUM’ AND ‘MAXIMUM’ as specified below (See Step 13). Now click on ‘Okay’ in the 

Table and click on ‘Apply’ in the ‘Settings’ Tab of ‘Changed Grid’ file. 

34 

35 
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37. Click on ‘Save’ in the Setting tab of ‘Changed Grid’ to save the ‘SAGA parameter file’. Now you will be 

presented with ‘Save Setting’ window, navigate to the project folder and give an appropriate name. You 

can load this file by ‘Load’ button in the setting tab whenever necessary. 

 

38. Change the Name of ‘Changed Grid’ to ‘Unsupervised_ Pune_L5TM_8feb2011’, ‘Save As’ the 

project with proper name and save other changed datasets before closing the SAGA GIS. 

36 

38 


